Background: It has been noted that anterior cruciate ligament (ACL) injury-induced cartilage degeneration is the key risk factor for post-traumatic osteoarthritis (PTOA). However, whether the cartilage degeneration after ACL injury is caused by inflammation, abnormal biomechanics or both remains largely unknown, as there has been no animal model for separating the two factors so far. Methods: Eighteen-month-old female mini-pigs were divided into an "idealized" anterior cruciate ligament reconstruction (IACLR) group and a control group (n = 16 limbs per group). Real-time PCR, safranine O staining and indian ink staining were performed to verify whether animal models were successfully established or not. Multiple linear regression analysis was used to evaluate the correlation between levels of the inflammatory factors (including interferon [IFN]-γ, interleukin [IL]-1β, IL-4, IL-6, IL-8, IL-10, IL-12 and tumor necrosis factor [TNF]-α measured by the Luminex method) and changes in cartilage histology (quantified by morphological scoring) after surgery. Results: A significant OA cartilage damage with increased MMP-1, MMP-13 mRNA levels and reduced aggrecan mRNA/protein levels was observed in IACLR groups. As a result, the IACLR gross morphology score was dramatically increased than control. Moreover, IACLR significantly increased the levels of IL-1β, IL-4, IL-6 and TNF-α in the synovial fluid of the knee. Most importantly, a close relationship was found between IL-1β, IL-6 and TNF-α concentrations and morphological score of PTOA, respectively. Conclusion: These results demonstrated that inflammatory factors are independently responsible for the onset of PTOA.
Introduction
During recent decades, the anterior cruciate ligament (ACL) injury rates have dramatically increased with traffic accidents and high energy trauma. It is the consensus that ACL injury can cause secondary degeneration of the articular cartilage and meniscus, and eventually result in traumatic osteoarthritis [1] . Although ACL reconstruction (ACLR) can effectively restore the stability of the knee, many patients still developed into post-traumatic osteoarthritis (PTOA) [2] . PTOA is a special type of osteoarthritis (OA) and a common disease involved in various tissues such as articular cartilage, subchondral bone and synovium. It's a result of the biodegradation and synthesis imbalance of chondrocytes, aggrecan [3] . These cytokines and inflammatory factors are all closely related to the functional changes of synovial membrane, articular cartilage and subchondral bone in OA. However, it is unclear whether the inflammation independently plays the same role in PTOA of patients whose knee stability is recovered after ACL injury, since no appropriate animal model is available so far. To resolve this gap, we developed an "idealized" ACL autograft reconstruction (IACLR) model using minipigs to independently evaluate the effects of the inflammation on cartilage degeneration post-injury. The porcine model exhibit similar physiological and serum biochemical parameters, peripheral bone deposition rate, and trabecular bone density in human. Collagen fibers arrangement in cartilage tissue are also similar to that in human, but rat, rabbit, sheep or goat present a columnar arrange pattern [4] . In addition, the density and concentration of bones in mini-pigs are similar to those in humans [5] . Indeed, domestic pigs are rarely used for animal model, as their large body size and food intake, which is not convenient for experimental operation and feeding management [4] . However, the application of mini-pigs has increased, especially from 1870s [6] . Mini-pigs are currently widely used in many research areas, such as cardiovascular systems, digestive systems, urinary systems, skin burns, stomatology and pharmacological toxicology [6] . Over the past decade, many preclinical orthopedic studies have used them as a model animal for bone research. In terms of morphology [7] , bone composition [8] , microstructure [9] and remodeling characteristics [10, 11] , this species is considered to be a close representative of human bone tissue.
In this study, we select aggrecan as the main indicator to verify the success of modeling. Aggrecan, also known as cartilage-specific proteoglycan core protein (CSPCP) or chondroitin sulfate proteoglycan 1, is a major component of the ECM in cartilage tissue, and it also withstand the compressive forces acting on the cartilage in the weight-bearing region. Real-time PCR, safranine O staining and indian ink staining demonstrated a decline in mRNA and protein levels of aggrecan. In addition, our data showed that the expression of inflammatory cytokines (IFN-γ, interleukin IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12 and tumor necrosis factor TNF-α) and matrix metalloproteinase MMP-1 and MMP-13 is increased after IACLR surgery, especially IL-1β, IL-4, IL-6 and TNF-α in IACLR group. We further confirmed the correlation between IL-1β, IL-6, TNF-α and morphological changes of PTOA by linear regression analysis. Therefore, our data indicate that inflammatory factors participate in the pathogenesis of PTOA and may serve as a predictor of the severity of PTOA histological changes.
Materials and methods

Idealized ACL autograft reconstruction surgery
All the procedures for animal surgery and pre-and post-operative care were approved by the Ethics Committee of the Second Hospital of Shanxi Medical University and followed the relevant animal protection agreements and regulations. The mini-pig model is often used in articular cartilage research and is also a common model for the study of regeneration of focal cartilage defects [12, 13] . Sixteen mature female mini-pigs (18 months old) were included in this study. We selected the right hind limbs of mini-pigs as the IACLR surgery group and all the left hind limbs served as the control group. The left uninjured limbs were used as a control to compare potential side-to-side differences in systemic effects and weight bearing within the same animal.
The procedures for IACLR surgery were as follows: each mini-pig received anesthesia by intramuscular injection of 125 mg Zoletil 50 (Virbac Group France); the anesthetized mini-pig was placed in the lateral position; the right hind stifle joint was opened centrally on the patella; the patella was dislocated; and the knee was flexed to expose the ACL and the lateral surface of the lateral femoral condyle. Using an ACL reconstruction guide (Arthrex, Inc.), the guide was angled 45°to the longitudinal axis of the femur and the guide pin was inserted along the guide. A hollow drill was used to drill a tunnel of about 0.8 cm in diameter along the guide pin direction, from the lateral side to the medial side of the lateral condyle of the ACL attachment. When the tunnel was almost through, a 1-mm φ guide pin was used to drill along the periphery of the tunnel, and the tunnel was gently penetrated by the same diameter thin-walled ring osteotomy to prevent splitting of the medial femoral condyle cartilage. The tendon bone segment was pushed out of the tunnel to check the integrity of the ACL attachment point. The tendon bone segment was then pushed back into the tunnel in situ, fixed with two crossed Kirschner wires in the non-rotating state, and the tails were trimmed. The joint was closed using a standard closure after the patella reduction. The exact surgical process is shown in Fig. 1. 
Tissue harvesting
Mini-pigs were euthanized and the joint fluids from the left and right hind limbs of all the animals were collected at 1, 2, 3 and 4 months after operation. The left and right hind limbs were severed from the hip joint and stored at −80°C. After the ACL femoral insertion point was located, an Aimer Tip Drctr ACL Guide was positioned. c. The crossing angle was 45°. d. One guide pin was drilled into the joint cavity along the ACL Guide. e. A core drill (diameter 10 mm) was used to drill a femoral tunnel from the lateral femoral condyle to the ACL insertion point along the guide pin. f. Before the hollow drill was about to penetrate the femoral tunnel, a Kirschner wire (diameter 1 mm) was drilled along outer edge of the tunnel to prevent the cartilage from splitting. g. The bone core, attached to the ACL (arrow shown), was completely freed. h. After its return, the bone core with ACL autograft was fixed by two Kirschner wires.
RNA isolation and real-time PCR
The mRNA levels of aggrecan, MMP-1 and MMP-13 in cartilage samples were measured by real-time PCR. Total RNA from the cartilage was extracted by Trizol method, then reverse transcribed into singlestranded cDNA using the Takara reverse transcription kit (Takara Bio Inc., RR036A), and stored at −20°C. The primers used for amplification were synthesized by TianYi HuiYuan Biotechnology Co. Ltd. ( Table 1 ). The real-time PCR system consisted of SYBR Green Premix (12.5 μL/well) (Takara Bio, RR820A), forward and reverse primers (1 μL/well each), ddH 2 O (8.5 μL/well) and single-stranded cDNA (2 μL/ well). The Bio-Rad iQ5 real-time PCR system was applied for amplification, detection and quantitative analysis. A melting curve was used to exclude nonspecific products. Levels of gene expression were normalized to 18S rRNA expression. The data were analyzed using the comparison Ct (2 −ΔΔCt ) method and expressed as the fold change relative to the respective control. Each sample was analyzed in triplicate.
Safranine O staining
Under aseptic conditions, the cartilage and part of the subchondral bone in the weight-bearing area of the femoral condyle were drilled and fixed with 4% paraformaldehyde for 24 h. Samples were immersed into 15% EDTA solution (pH 7.2-7.4) for decalcification for 4 weeks, and the liquid was changed weekly. After decalcification, the samples were rinsed in water for 3 h and then dehydrated with gradient alcohol, made transparent in xylene, and embedded in paraffin. Serial sections were cut at 5 μm using a microtome, collected on poly-L-lysine-coated slides, baked in an oven at 50°C for 30 min, and then stained with safranine O.
Indian ink staining and gross morphological assessment
Animal knee joint specimens were fixed in 10% paraformaldehyde for 3 days and rinsed in water for 12 h. The surfaces of the internal and external femoral condyle cartilage were cleaned with distilled water and gently wiped dry with filter paper. Indian ink (Solarbio, Cat No. 18060) was brushed on the cartilage surface for half a minute and then rinsed with distilled water. We then evaluated the gross morphology of the articular cartilage using the modified Drez from right hind limbs (IACLR) and left hind limbs (control) [14] . A total of 14 partitions was assessed including the tibial plateaus [6] , femoral condyles [4] , femoral grooves [2] and patellar locations [2] [14] . Gross osteophyte formation was assessed using the modified Grood score [15] . Three medial and three lateral regions of the meniscus were scored using a modified Hellio Le Graverand method [16] . We combined the data from these three scoring methods as an evaluation system in our study [17, 18] . The rules for scoring are presented in Table 2 .
Luminex liquid chips
According to the instructions for the Millipore Porcine Cytokine kit (EMD Millipore, No. PCYTMAG-23K-08), the standard inflammatory factors were dissolved in 250 μL deionized water, with inversion of the bottle several times and thoroughly mixing on a shaker for 30 s before the bottle was allowed to stand for 5-10 min as the original standard.
Mini-pigs' joint fluid samples were centrifuged at 10000 rpm for 10 min and the supernatant collected after centrifugation (undiluted) was incubated. The standards and quality control were resuspended with deionized water, gently mixed, and placed on ice for 10 min to ensure full dissolution. The standard was diluted into seven concentrations using Assay Buffer. The beads were then diluted according to the LA-BD Bead Diluent instructions and centrifuged at 1400 rpm for 30 s before being resuspended in a 96-well plate with 25 μL per well. The diluted standards were added, parafilm was affixed over the plate, and the plate was placed on an 850 rpm flat-bed shaker in darkness at 4°C overnight. The samples were discarded the next day, and the plate was washed three times with a magnetic washer before 50 μL detection antibody was added to each well for incubation on an 850 rpm flat-bed shaker in darkness for 2 h at room temperature. Then for color development, 50 μL Streptavidin-PE was added, and the plate was incubated for 30 min in the same way. After three washes using a magnetic washer, 100 μL sheath solution was added, and the plate was covered with paraffin and placed on an 850 rpm flat-bed shaker in darkness at room temperature for 5 min. After those procedures, a calibrated Bio-Plex machine (Bio-Plex MAGPIX System, Bio-Rad) was used for sample detection.
Statistical analysis
SPSS statistical software (SPSS, Inc.) was utilized to analyze the collected data. The differences between the IACLR and control groups were estimated with Wilcoxon rank sum test, and the correlations between the levels of the inflammatory factors and changes in cartilage histology were assessed using a multivariate linear regression model.
Results
Increase of MMP-1, MMP-13 mRNA levels and decrease of aggrecan in IACLR group
It is well known that there are > 10 kinds of MMPs in OA, which can be divided into collagenase (MMP-1, 8, 13), gelatinase (MMP-2, 9), stromelysin (MMP-3, 7, 10, 11) and so on, a total of six categories [ 19] . Overexpression of MMPs undermines the normal environment in which chondrocytes survive, leading to a decrease of chondrocyte number. Damaged joints showed thinning of cartilage, crevices and biomechanical changes. Since MMP-1 and MMP-13 are fibroblast type collagen hydrolase, they can directly cut off the most characteristic and abundant type II collagen in ECM, and therefore may play an important role in the pathological process of PTOA. We revealed that the mRNA levels of MMP-1 and MMP-13 in the right hind limb cartilage were significantly increased compared to those in the left hind limb (MMP-1: Z = −2.100, p = 0.036; MMP-13: Z = −2.528, p = 0.011). However, there was a statistically significant decrease in the mRNA level of aggrecan (Z = −2.530, p = 0.011; Fig. 2 ). This indicated that after IACLR surgery, the degradation of aggrecan in cartilage matrix and increased expression of related matrix metalloproteinases were observed at the gene level.
Obvious cartilage destruction and loss of aggrecan in safranine O staining
Basophilic cartilage and the basic dye safranine O can be combined to give a red color, thereby distinguishing the cartilage tissue from the bone tissue. The coloration of Safranine O is approximately proportional to the concentration of anions, which indirectly reflects the content and distribution of aggrecan in the matrix. When the cartilage is damaged, the distribution of the components of the matrix to be nonuniform, resulting in the safranine O being lightly stained or not. Therefore, we chose safranine O staining to verify whether the aggrecan protein level was also accompanied by a decrease in mRNA levels. The cartilage specimens from the weight-bearing area of the right femoral condyle were stained. The results showed that the loss of aggrecan in matrix caused the red color of safranine O to gradually fade after surgery, and the tidemark became blurred, which was consistent with previous real-time PCR results. The IACLR model achieved the expected design goals in a good time course (Fig. 3) .
Obvious cartilage destruction and surface black coloring in indian ink staining
No osteophyte formation was found in either the right or left hind limbs at 1 month after surgery. Over time, osteophytes gradually formed and were concentrated on the edge of the femoral condyle and the periphery of the patella. There are slight variations in the cartilage and meniscus lesions (Fig. 4) . Significant morphological changes occurred basically within 3 months after surgery. Indian ink staining results confirmed the results of Safranine O staining and real-time PCR on a macroscopic level, which validated our successful modeling.
Elevation of gross morphological score in IACLR group
The gross morphological assessment including the comprehensive scores of cartilage lesions, osteophyte formation and meniscus lesions were collected. All the scores for the right hind limb in the IACLR group were significantly higher than those of the left hind limb (control; Z = −4.667, p < 0.001). Interestingly, the most common scores were 2 and 3 in the cartilage lesion assessment (Fig. 2) . The cartilage lesions caused by surgery were slight at the early time (1 month after surgery), but the gross morphology scores still reflected subtle differences among the groups (Fig. 2) .
Increased inflammatory cytokine protein expression in IACLR group
The levels of inflammatory cytokines in synovial fluid were detected by the Luminex liquid chip technique. The expression of inflammatory factors (IFN-γ, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12, and TNF-α) was significantly increased and reached peak levels at 1 month after surgery, then gradually dropped back to the normal level by 4 months after operation. The levels of the inflammatory factors IL-1β, IL-4, IL-6 and TNF-α in the synovial fluid of IACLR group were dramatically increased and significantly higher than those in control group [IL-1β: Z = −2.474, p = 0. and 0.001, respectively (Table 3 ).
Discussion
PTOA is a common joint disease resulting from injury to various tissues such as articular cartilage, subchondral bone and synovium, and joint cartilage degeneration is the main lesion of the disease [19] . Over the past decades, with increasing rates of traumatic injuries and traffic accidents, the incidence of traumatic OA has increased and the age at onset has decreased, causing a serious socio-economic burden around the world [20] . It has been reported that ACLR improves the stability and restores the mechanical structure of the knee and reduces the risk of PTOA compared with conservative treatment [21] . However, some clinical evidence indicates that patients who undergo ACLR are still prone to having PTOA symptoms in the long term even though they have a relatively stable joint structure [22] . Studies found that the development of PTOA after ACLR mostly appeared in 12-14 years after operation, resulting in an onset time that is significantly advanced as compared to the onset of senile OA, causing difficulty to recovery [23] .
The inflammatory reaction was deemed to play a vital role in the development of OA after joint injury; however, whether it also contributes to the PTOA after ACLR has remained largely unknown since no effective animal model was available so far.
To resolve this problem, we developed a modified ACL autografting mini-pig model called the IACLR model. As compared to other laboratory animal models (rabbit, rat and mouse), generally used in orthopedic research studies, the mini-pig models have the advantages with similarity of body weight, joint size, cartilage thickness and clinical lesions to those presented in humans [4, 24, 25] . The homogenous gene expression between mini-pigs and humans was nearly 95% [26] . Furthermore, mini-pigs have many similarities in joint anatomy and pathogenesis after injury [27] . There are some other advantages to use mini-pig model for cartilage injury research. The cartilage thickness of mini-pigs is greater than other common animal models (eg, sheep and goat) in the same body size and weight (eg, medial femoral condyle cartilage thickness: human 2.35 mm; sheep 0.45 mm; goat 1.1 mm; dog 0.95 mm; mini-pig 1.5 mm), but the total volume of cartilage defects is smaller [28] . Moreover, adult mini-pigs have inherent limitations in Fig. 3 . Results of Safranine O staining. Safranine O staining on the weight-bearing area of the femoral condyle in IACLR group at 1 month (a), 2 months (b), 3 months (c) and 4 months (d) after surgery. Changes of PTOA were observed including cartilage fibrosis and loss of aggrecan in cartilage matrix. The surface of the cartilage was rough and the tidemark became blurred at 4 months after surgery. Safranine O staining on the weight-bearing area of the femoral condyle in the control group at 1 month (e), 2 months (f), 3 months (g) and 4 months (h) after surgery. In the control group, no decrease in aggrecan content and tidemark blurring were observed. their ability to repair cartilage damage and defects, and closer to human clinical lesions [29, 30] . Regrettably, we still have not found yet an ideal pre-clinical animal model for translational orthopedic researches focusing on the lesions of articular cartilage in humans being, as mini-pigs are quadrupedal while humans are bipedal. Since there could be biomechanistic differences between human and mini-pigs, we used exclusively the hind limbs as the surgical one in this study.
Recent studies have shown that cytokines and inflammatory factors play a crucial role in the pathophysiology of OA [29, 31] . It was reported that inflammatory factors are tightly associated with the functional changes in subchondral bone, synovial membrane and articular cartilage. Studies have shown that there is a significant positive correlation between the IL-1β level in synovial fluid and the degeneration of articular cartilage in patients with untreated ACL injury [31] [32] [33] [34] [35] . Inflammatory factors, like IL-1β and IL-6, are highly expressed in early osteoarthritic synovium. Some studies demonstrated that IL-1β and TNF-α levels in synovial fluid are also significantly increased in OA patients [36, 37] . It has been reported that IL-6 can promote the catabolism of IL-1β [38] [39] [40] . IL-1β can induce the expression of inhibitory factors like nuclear factor-kappa B (NF-κB) family members, which then inhibit the expression of BCL-3 to promote chondrocyte apoptosis. In addition, IL-1β can promote the synthesis of MMPs and prostaglandin E (PGE) in chondrocytes and synoviocytes. MMP-1, which is mainly secreted by synovial cells, can degrade types II collagen in cartilage [41] . Furthermore, MMP-2 can also degrade aggrecan in the extracellular matrix [42, 43] , which contributes to the disruption of the joint. It was suggested that IL-1 and TNF-α have a synergistic effect in joint injury. TNF-α can promote the production of PGE and induce the peroxidation of chondrocytes, thereby promoting cartilage absorption with IL-1β and resulting in the destruction of cartilage in OA [44, 45] . It has further been found that IL-1β and IL-6 play major roles in the destruction of articular cartilage and infiltration of inflammatory cells, and TNF-α plays a role in joint swelling [46, 47] .
The main purpose of the present study was to evaluate the pathogenesis of PTOA after ACLR. Using the IACLR model, we found that mRNA levels of MMP-1 and MMP-13 in cartilage of the operated right hind limbs were significantly higher than those in the blank control limbs (p < 0.05), which is consistent with the results of Indian ink staining and gross morphology scores, indicating the success of this animal model. However, the levels of inflammatory factors (IFN-γ, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12 and TNF-α) in synovial fluid were significantly elevated and peaked at about 1 month after surgery, which was earlier than the morphological changes. The results from linear regression analysis suggest that only IL-1β, IL-6 and TNF-α can significantly predict the changes in gross morphology and histology related to PTOA after joint injury. Although the pathogenesis of this model differs from previous studies on OA [48] , the expression levels of MMP-1, MMP-13 and inflammatory factors in cartilage were also significantly increased in the mini-pig model, which was further verified by Indian ink staining and gross morphological scoring. The results of this study are consistent with the previous findings.
In this study, we found that the expression of inflammatory factors showed a slight rebound at 3 months after surgery, and then gradually dropped to the normal level. In addition, the data also revealed that the levels of IL-1β, IL-6 and TNF-α did not continuously rise with the progression of histological damage. These data suggest that joint injury and the acute inflammatory response caused by the high expression of inflammatory factors in synovial fluid are involved in the occurrence of PTOA. However, at the end of the acute inflammatory phase (1 month after surgery), granulation tissue and MMP had been produced, and the expression of inflammatory factors had gradually decreased. The pathogenesis of PTOA is complicated and the interaction of various cytokines and oxidants constitutes a complex network in the development and progression of PTOA [49] , which remains unclear and merits further investigation.
Some limitations of this study must be acknowledged when interpreting and applying our findings. First, different size of the knee joint and biomechanics in mini-pig model (as mini-pigs are quadrupedal and humans are bipedal) mean that changes in the joint kinematics (including tibial rotation and moving forward) following ACL reconstruction could not be accurately evaluated consequently. Specifically, we did not actually assess any biomechanical changes that occurred in response to the surgery procedure, because it is very difficult to do gait analysis on mini-pigs with a bit aggressive character. However, our data might have considerable significance with regard to PTOA progression of ACL reconstruction patients. Further studies are needed to confirm our findings using a horse model or human subjects. Second, we would likely need to prepare more sham surgery models as the ideal control (with femoral tunnel drilled only half as deep as in the IACLR group) in a future study. Originally we designed the sham surgery group, but the differences associated with joint surgery were missed due to the small sample size and the consequent lack of power in statistical analysis. So we did not report the sham group. Through morphological examination (visual and X-ray), we found that sham group also showed changes of PTOA after surgery. The results of sham surgery group did confirm that surgical treatment alone could also contributed to the secondary effects on cartilage, meniscus and synovial membrane, which may be induced by inflammatory cytokines in synovial fluid. These data has been included as supplemental data in the revised version. It was foreseeable that the inflammatory and histological changes occurring in the sham and IACLR groups may be very similar, indicating that this is an injury model. Third, existing literatures only notice the occurrence of PTOA and record the onset time (12-14 years after surgery), since most patients are poor self-historians before the symptoms. The actual early changes in PTOA, such as physiological and chemical changes in synovial fluid, damage to articular cartilage, and loss of aggrecan content, were not immediately detected and diagnosed by clinical doctors. So far, orthopedic researches are focused on modifying acute joint inflammation (the likely point of initiation of the PTOA) immediately after the surgery 4. Therefore, it is necessary to choose suitable animal model to simulate human PTOA, especially at the early stages. Dias IR et al. believed that Pilot studies for cartilage defect and regeneration could apply short observational periods up to 12 weeks post-operatively 4. The study from O'Brien EJ et al. found that gross PTOA like features were observed in ACLR joints of Ovine Model at 20 weeks after surgery 17. The modeling method and animal we chose can mimic human PTOA at 3-4 months after ACL reconstruction surgery. As a result, our study focuses on the early detection and diagnosis of PTOA. However, it cannot completely replace or be equivalent to the pathogenesis of humans for 12-14 years. In addition, as an animal model, it is beneficial to drug screening and intervention within 3-4 months, which is one of its advantages.
Lastly, the influence of the bone tunnel was not taken into consideration in the present study. The insertion of the ACL into bone of femoral condyle may be vascularized and innervated, which need to be further addressed. As the knee likely functions as an organ system, injury to one element likely impacts the functioning of others as well. Nevertheless, we defined this model as an idealized one, which was designed to maintain the pre-injury biomechanics as best as possible and isolate the biological factors of PTOA progression. Therefore, some confounding factors (such as variations in the graft material, graft tension and graft attachment site) were eliminated in this model. We have minimized ACL damage in this injury model, but still can't completely ignore it.
In summary, our data indicated significant correlation between inflammatory factors and tissue changes in PTOA after joint injury in a mini-pig animal model, and thus, these inflammatory factors may serve as predictive indicators for the severity of histological changes in PTOA. These findings may be used to predict and inhibit the onset of PTOA after ACLR by detecting and inhibiting the inflammatory response, respectively. Our study also proves that the IACLR model is clinically relevant and technically feasible, making it a useful tool for the study of PTOA.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.intimp.2018.10.007. 
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